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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] The present invention relates to a pulse phase 
difference encoding device, an oscillation device and a 
combination thereof wherein a delay circuit consisting 
of a plurality of interconnected delay elements is provid- 
ed to perform the encoding of a phase difference in a 
pulse signal, the outputting of an oscillation signal ac- 
cording to digital data or both of them concurrently 
based on delayed signals sequentially output at prede- 
termined connecting points of the delay elements. 

2. Related Arts: 

[0002] As pulse phase difference encoding devices 
for encoding a phase difference in a pulse signal into 
digital data, pulse phase difference encoding devices 
such as that disclosed in JP-A-3-220814 are known 
wherein a delay circuit consisting of a plurality of inter- 
connected delay elements is provided; the first pulse 
signal is input to the delay element at the first stage of 
the delay circuit; the delay element in the delay circuit 
at which the input pulse has arrived at the point in time 
at which the next pulse is input is detected; the number 
of the delay elements connected up to this element from 
that at the first stage is encoded to obtain digital data 
corresponding to the phase difference between those 
pulse signals. 

[0003] Further, as oscillation devices whose oscilla- 
tion frequencies can be digitally controlled over wide 
ranges from several hundred KHz to several tens MHz, 
digitally controlled oscillation devices such as that dis- 
closed in JP-A-5-102 801 have been proposed, wherein 
a delay circuit consisting of a plurality of interconnected 
delay elements is provided as in the pulse phase differ- 
ence encoding devices as described above and wherein 
the delaying operation of the delay circuit is started by 
inputting a pulse signal to the delay element at the first 
stage of the delay circuit and, thereafter, an oscillation 
signal is output in a cycle according to digital data by 
repeating the execution of operations such as outputting 
an oscillation signal when pulse signals are output from 
the delay elements at connecting positions correspond- 
ing to digital data in the delay circuit and initializing the 
delay circuit concurrently. 

[0004] With those devices, the detection of pulse 
phase differences and the control over an oscillation fre- 
quency can be performed at time resolution which is de- 
termined by the delay time of the delay elements of the 
delay circuits. It is therefore possible to achieve a sig- 
nificant improvement over the conventional devices with 
respect to the accuracy of the detection of pulse phase 
differences and the accuracy of the control over an os- 
cillation frequency. 



[0005] Further, since these devices can accurately 
perform the detection of pulse phase differences and the 
control over an oscillation frequency, it is possible to pro- 
vide a PLL (phase locked loop) for communication ap- 
5 paratuses, motor controlling apparatuses, etc. which 
can be digitally controlled and which is highly accurate 
by combining a pulse phase difference encoding device 
and a digitally controlled oscillation device, for example, 
as disclosed in JP-A-5-102 801. Alternatively, the ratio 
10 of the cycle of an oscillation signal to be measured to 
that of a reference signal, i.e., the oscillation frequency 
of the oscillation signal can be detected, for example, in 
a manner utilizing two pulse phase difference encoding 
devices simultaneously wherein the cycle of the refer- 
15 ence oscillation signal input to one of the pulse phase 
difference encoding device is encoded; the cycle of the 
oscillation signal input to the other pulse phase differ- 
ence encoding device is encoded; and division is carried 
out on the encoded data to obtain the above-mentioned 
ratio. Further, it is also possible to use two digitally con- 
trolled oscillation devices concurrently and to synthe- 
size the oscillation signals of those oscillation devices 
to generate an oscillation signal having a frequency 
higher than the frequencies which can be obtained by 
those oscillation devices. 

[0006] Such concurrent use of the devices as de- 
scribed above will provide a successful result if the delay 
circuits incorporated in those devices operate at com- 
pletely the same time resolution. However, variations in 
the time resolution among the delay circuits in those de- 
vices caused by variations in the delay elements of the 
delay circuits will result in variations in time resolution 
among the oscillation signals of the devices which are 
in accordance with the encoded data of pulse phase dif- 
ferences and digital data. This has resulted in problems 
such as that the operation of a PLL can not be digitally 
controlled with high accuracy if the PLL is constituted by 
a pulse phase difference encoding device and a digitally 
controlled oscillation device as described above. 
[0007] Such a problem can be avoided by sharing a 
single delay circuit among those devices instead of pro- 
viding each of those devices with a delay circuit. In con- 
ventional devices, however, since a delay circuit is ini- 
tialized and is activated for a delaying operation when 
the first pulse signal to be phase-difference-encoded is 
input from the outside or when an oscillation signal is 
output, it has not been possible to share a single delay 
circuit among such devices. 

SUMMARY OF THE INVENTION 

[0008] The present invention confronts such prob- 
lems, and it is an object of the present invention to pro- 
vide a device for encoding pulse phase differences and 
controlling oscillation frequencies based on delayed sig- 
nals sequentially output from a delay circuit constituted 
by connecting a plurality of delay elements which is ca- 
pable of concurrently performing such pulse phase dif- 
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ference encoding and oscillation control operations us- 
ing a single delay device. 

[0009] This object is achieved by the measures indi- 
cated in the independent claim 1 . 
[0010] The dependent subclaims describe particular 
embodiments of the present invention. 
[0011] For example in frequency measurement cir- 
cuits the sharing of a delay circuit among a plurality of 
pulse phase difference encoding devices can be real- 
ized. In each of the pulse phase difference encoding de- 
vices, each time an external pulse signal is input, the 
latest delayed signal output by the delay circuit is de- 
tected; digital data indicating the connecting position of 
the delay element which has output the delayed signal 
in the delay circuit are generated; the deviation between 
the previously generated digital data and the latest dig- 
ital data is calculated; and the result of the calculation 
is output as digital data indicating the phase difference 
between the pulse signals. 

[0012] Specifically, a pulse phase difference encod- 
ing circuit according to the present invention is config- 
ured to encode the position in a delay circuit at which a 
delayed signal is output each time an external pulse sig- 
nal is input, to calculate the deviation between the en- 
coded value and the previous encoded value and to out- 
put the result of the calculation as digital data indicating 
the difference between the phases of the two pulse sig- 
nals input from the outside. This makes it possible to 
encode the phase difference between two pulse signals 
using only delayed signals sequentially and successive- 
ly output from a delay circuit without activating the delay 
circuit by the first input pulse signal as in conventional 
pulse phase difference encoding circuits. Thus, a delay 
circuit is shared among a plurality of pulse phase differ- 
ence encoding circuits. 

[0013] As a result, in a pulse phase difference encod- 
ing device employing the present invention, a single de- 
lay circuit can be shared among a plurality of pulse 
phase difference encoding circuits to concurrently en- 
code phase differences between a plurality of pulse sig- 
nals. This makes it possible to provide a simpler circuit 
configuration and to make a device more compact when 
compared to combinations of conventional pulse phase 
difference encoding circuits because the delay circuit is 
shared by the pulse phase difference encoding circuits. 
In addition, it is possible to achieve matching of the time 
resolution of digital data encoded by those pulse phase 
difference encoding circuits. 

[0014] Further, in the pulse phase difference encod- 
ing device, the above-described delay circuit may be 
constituted by a pulse circulating circuit including a plu- 
rality of inverting circuits which are interconnected in the 
form of a ring and which sequentially invert pulse signals 
to circulate them. The number of the circulations of a 
pulse signal within the pulse circulating circuit may be 
counted in the pulse phase difference encoding circuit, 
and the count value may be used as high order bit data 
among the digital data generated. 



[0015] When a phase difference between pulse sig- 
nals is encoded, if the delay circuit used is constituted 
by simply connecting delay elements, the number of the 
delay elements constituting the delay circuit must be in- 
5 creased as the phase difference to be encoded increas- 
es. Further, when phase differences between pulse sig- 
nals which are successively input are to be sequentially 
encoded, the number of the delay elements constituting 
the delay circuit must be infinite. Therefore, the delay 
10 circuit is constituted by a pulse circulating circuit con- 
sisting of a plurality of inverting circuits interconnected 
in the form of a ring. This arrangement makes it possible 
to encode even a phase difference between pulse sig- 
nals which is larger than the time required for the pulse 
signals to make one circulation in the pulse circulating 
circuit without any problem because even if the number 
of the inverting circuits constituting the pulse circulating 
circuit is reduced, delayed signals are sequentially and 
continuously output from the pulse circulating circuit; the 
number of the circulations a pulse signal makes within 
the pulse circulating circuit is counted; and the deviation 
is calculated using the count value as high order bit data 
among the digital data. 

[0016] As a result, even if the number of the delay el- 
ements (inverting elements) constituting the delay cir- 
cuit (pulse circulating circuit) is small, phase differences 
between pulse signals can be continuously encoded 
over a wide range. This makes it possible to provide a 
device having a simple configuration and hence a com- 
pact size. 

[0017] In an oscillation device employing the present 
invention, a delay circuit is shared among a plurality of 
digitally controlled oscillation circuits. In each of the dig- 
itally controlled oscillation circuits, when digital data in- 
dicating the output cycle of a pulse signal is input, an 
input data outputting means first outputs predetermined 
input data to a signal selection means. Then, the signal 
selection means selects the delayed signal output by the 
delay element at the connecting position corresponding 
to the input data from among delayed signals sequen- 
tially output by the delay circuit. When the signal selec- 
tion means selects the delayed signal, a pulse signal 
outputting means outputs a pulse signal. Further, when 
the signal selection means selects the delayed signal 
output by the delay circuit, the input data outputting 
means updates the input data being output to the signal 
selection means by adding digital data being input from 
the outside thereto. As a result, the signal selection 
means selects again a delayed signal output by the de- 
lay circuit after a period of time corresponding to this 
digital data. When the signal selection means selects 
this delayed signal, the pulse signal outputting means 
generates a pulse signal again. 
[0018] In other words, according to the present inven- 
tion, the digitally controlled oscillation circuits are con- 
figured so that each time the signal selection means se- 
lects a delayed signal (i.e., each time the pulse signal 
outputting means outputs a pulse signal), the input data 
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used by the signal selection means to select the delayed 
signal is updated by adding digital data input from the 
outside. This makes it possible to control the output cy- 
cle (i.e., oscillation frequency) of a pulse signal using 
delayed signals which are sequentially and continuously 
output by the delay circuit without initializing and acti- 
vating the delay circuit each time a pulse signal serving 
as an oscillation signal is output. Thus, the sharing of a 
delay circuit among a plurality of digitally controlled os- 
cillation circuits is realized. 

[0019] As a result, in an oscillation device employing 
the present invention, a single delay circuit can be 
shared among a plurality of digitally controlled oscilla- 
tion circuits to output pulse signals having predeter- 
mined cycles corresponding to a plurality of digital data 
input from the outside This makes it possible to provide 
a simpler circuit configuration and to make a device 
more compact when compared to combinations of con- 
ventional digitally controlled oscillation circuits because 
the delay circuit is shared by the digitally controlled os- 
cillation circuits. In addition, it is possible to achieve 
matching of the time resolution of the pulse signal gen- 
erated by each of the digitally controlled oscillation cir- 
cuits to the digital data. 

[0020] In this oscillation circuit, the above-described 
delay circuit can also be constituted by a pulse circulat- 
ing circuit which includes a plurality of inverting circuits 
interconnected in the form of a ring and in which pulse 
signals are sequentially inverted by the inverting circuits 
to be circulated. In each of the above-described digitally 
controlled oscillation circuits, a second counting means 
counts the number of the circulations of a pulse signal 
within the pulse circulating circuit and outputs a detec- 
tion signal indicating when the count value reaches high 
order bit data among the digital data input from the out- 
side; an input data outputting means updates the input 
data output to the signal selection means according to 
the low order bit data among the digital data input from 
the outside; the number of circulations counted by the 
second counting means is incremented by one if when 
the updated value reaches the high order bits; and the 
pulse signal outputting means outputs a pulse signal 
when a detection signal is output by the second counting 
means and a delayed signal is selected by the signal 
selection means. Further, when a detection signal is out- 
put by the second counting means, a count control 
means initializes the count value in the second counting 
means and causes it to resume counting. 
[0021] Specifically, when pulse signals are repeatedly 
generated in a cycle corresponding to digital data input 
from the outside, if a delay circuit constituted by simply 
connecting delay elements is used, the number of the 
delay elements constituting the delay circuit must be in- 
creased as the operating time increases. Since it is nec- 
essary to configure the delay circuit using an infinite 
number of delay elements in order to cause continuous 
oscillation, the delay circuit is constituted by a pulse cir- 
culating circuit consisting of a plurality of inverting cir- 



cuits interconnected in the form of a ring so that delay 
signals will be sequentially and successively output from 
the pulse circulating circuit even if the pulse circulating 
circuit is configured using a small number of inverting 

5 circuits. When the delay circuit is thus constituted by a 
pulse circulating circuit, the cycle (time) corresponding 
to digital data can not be preferably measured from the 
delay signals from the pulse circulating circuit in the dig- 
itally controlled oscillation circuit according to the third 

10 aspect of the invention. So, according to the present in- 
vention, a second counting means and a counting con- 
trol means are provided in the digitally controlled oscil- 
lation circuit to allow the output cycle of a pulse signal 
to be controlled according to the number of the circula- 

15 tions of the pulse signal within the pulse circulating cir- 
cuit and the positions at which delayed signals are out- 
put from the pulse circulating circuit. 
[0022] This makes it possible to output pulse signals 
continuously for a long time in a cycle in accordance with 

20 digital data with a small number of delay elements (in- 
verting elements) constituting the delay circuit (pulse cir- 
culating circuit), thereby simplifying the configuration of 
a device and reducing the size of the device. 
[0023] In addition, the present invention can be ap- 

25 plied to a combination of a pulse phase difference en- 
coding device and an oscillation device as described 
above, and a delay circuit may be shared by such de- 
vices. 

[0024] For example, when a PLL is configured utiliz- 
30 ing the above-described pulse phase difference encod- 
ing circuit and digitally controlled oscillation circuit, the 
configuration of the device can be simplified to make the 
device compact because there is no need for providing 
those circuits with a delay circuit unlike the conventional 
35 devices. Further, since one delay circuit is shared by 
those devices, the matching of the time resolution of 
those devices can be realized. For example, by inputting 
digital data obtained by the pulse phase difference en- 
coding circuit to the digitally controlled oscillation circuit 
40 as it is, an oscillation signal can be output from the dig- 
itally controlled oscillation circuit in complete synchro- 
nism with the input signal to the pulse phase difference 
encoding circuit. 

[0025] In addition, in this combined device, the delay 
45 circuit can be constituted by a pulse circulating circuit 
which has a plurality of inverting circuits interconnected 
in the form of a ring and which circulates a pulse signal 
by sequentially inverting it by the inverting circuits. 
[0026] This makes it possible to continuously perform 
so the encoding of pulse phase differences and the output- 
ting of pulse signals with a small number of delay ele- 
ments (inverting elements) constituting the delay circuit 
(pulse circulating circuit), thereby simplifying the config- 
uration of a device and reducing the size of the device. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] These and other objects, features and charac- 
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teristics of the present invention will be appreciated from 
a study of the following detailed description, the append- 
ed claims, and drawings, all of which form a part of this 
application. In the drawings: 

FIG. 1 is a block diagram showing an overall con- 
figuration of a frequency converter useful for under- 
standing the present invention; 
FIG. 2 is an electrical circuit diagram showing a con- 
figuration of a ring oscillator used in an embodiment 
of the present invention; 

FIG. 3 is a time chart illustrating the operation of the 
ring oscillator shown in FIG. 2; 
FIG. 4 is an electrical circuit diagram showing a con- 
figuration of a pulse phase difference encoding cir- 
cuit of an embodiment of the present invention; 
FIG. 5 is an electrical circuit diagram showing a con- 
figuration of a pulse selector/encoder circuit in the 
pulse phase difference encoding circuit shown in 
FIG. 4; 

FIG. 6 is a time chart illustrating the operation of the 
pulse phase difference encoding circuit shown in 
FIG. 4; 

FIG. 7 is an electrical circuit diagram showing a con- 
figuration of a digitally controlled oscillation circuit 
in an embodiment of the present invention; 
FIG. 8 is a time chart illustrating an operation of the 
digitally controlled oscillation circuit shown in FIG. 
7 which directly follows the activation of the same; 
FIG. 9 is a block diagram showing a configuration 
of a frequency measurement device utilizing two 
pulse phase difference encoding circuits; and 
FIG. 10(a) is a block diagram showing a configura- 
' tion of an oscillation device utilizing two digitally 
controlled oscillation circuits and FIG. 10(b) is a 
time chart for explaining the operation of FIG. 1 0(a). 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EXEMPLARY EMBODIMENTS 

[0028] The invention will now be described with refer- 
ence to the accompanying drawings. 
[0029] FIG. 1 is a block diagram showing an overall 
configuration of a frequency converter wherein a refer- 
ence signal PB which is input from the outside is sub- 
jected to frequency division or frequency multiplication 
to generate an output signal (pulse signal) POUT at a 
predetermined frequency. 

[0030] As shown in FIG. 1 , the frequency converter is 
configured as a combination of pulse phase difference 
encoding device and an oscillation device comprising a 
ring oscillator 2 which is constituted by a multiplicity of 
inverting circuits connected in the form of a ring and 
which circulates a pulse signal by sequentially delaying 
it by means of the inverting operation of the inverting 
circuits when a control signal PA at a high level is being 
input from the outside, a pulse phase difference encod- 
ing circuit 4 which converts the first phase difference be- 



tween a rise and the next rise (i.e., the cycle) of the ref- 
erence signal PB into a binary digital value DOUT based 
on delayed signals sequentially output by predeter- 
mined inverting circuits forming a part of the ring oscil- 
5 iator 2, an arithmetic circuit 6 which multiplies or divides 
the binary digital value DOUT obtained by the pulse 
phase difference encoding circuit 4 by a predetermined 
value to generate control data CD representing the out- 
put cycle of a pulse signal POUT, and a digitally control- 
led oscillation circuit 8 which outputs the pulse signal 
POUT in a cycle which is obtained by dividing or multi- 
plying the reference signal PB based on the control data 
CD output by the arithmetic circuit 6 and the delayed 
signals sequentially output by the ring oscillator 2. 
[0031] First, as shown in FIG. 2, the ring oscillator 2 
includes two two-input NAND gates (hereinafter simply 
referred to as NAND gates) NAND1 and NAND32 and 
thirty inverters INV2 through INV31 as the inverting cir- 
cuits. The input terminal of each of these circuits is con- 
nected to the input terminal of the next stage. An exter- 
nal control signal PA is input to the input terminal of the 
NAND gate NAND1 which is not connected to the NAND 
gate NAND32 (this input terminal is hereinafter referred 
to as an activation terminal) while the output signal of 
the inverter INV18 is input to the input terminal of the 
NAND gate NAND32 which is not connected to the in- 
verter INV31 (this input terminal is hereinafter referred 
to as a control terminal). On the other hand, the output 
terminals of the inverting circuits connected at stages 
which are in even-numbered places when counted from 
the NAND gate NAND1 are provided with output termi- 
nals Q0 through Q15, respectively. Each of these output 
terminals Q0 through Q15 is connected to the pulse 
phase difference encoding circuit 4 and the digitally con- 
trolled oscillation circuit 8. 

[0032] The operation of the ring oscillator 2 having 
such a configuration will now be described with refer- 
ence to FIG. 3. 

[0033] When the control signal PA is at a low level, 
the output P01 of the NAND gate NAND1 becomes the 
high level. Then, the output of the inverters at stages in 
even-numbered places counted from the NAND gate 
NAND1 becomes the low level while the output of the 
inverters at stages in odd-numbered places becomes 
the high level. This results in a stable state. In this state, 
the output P18 of the inverter INV18 input to the control 
terminal of the NAND gate NAND32 is at the low level. 
Therefore, the NAND gate NAND32 exceptionally out- 
puts the high level in spite of the fact that it is connected 
at an even-numbered stage. In other words, with such 
a configuration, the input and output signals of the 
NAND gate NAND1 are both at the high level, and the 
NAND gate NAND1 starts an inverting operation at the 
subsequent transition of the control signal from the low 
level to the high level. 

[0034] When the subsequent transition of the control 
signal PA from the low level to the high level occurs, the 
output P01 of the NAND gate NAND1 changes from the 
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high level to the low level. As a result, the output of the 
subsequent inverters is sequentially inverted. The out- 
put of the inverters at odd-numbered stages changes 
from the high level to the low level, and the output of the 
inverters at even-numbered stages changes from the 
low level to the high level. In the following description, 
an edge of a pulse signal which sequentially circulates 
on the ring oscillator 2 as falling outputs of the inverting 
circuits at odd-numbered stages and rising outputs of 
the inverting circuits at even-numbered stages is re- 
ferred to as a main edge and indicated by the dots in 
FIG. 3. 

[0035] When this main edge arrives at the inverter 
INV18 to cause a transition of the output P18 of the in- 
verter INV18 from the low level to the high level, since 
the output level of the inverter INV31 is still at the high 
level, both of two input signals at the NAND gate 
NAND32 become the high level. Thus, the NAND gate 
NAND32 starts an inverting operation, the output there- 
of being inverted from the high level to the low level. In 
the following description, when the main edge is input 
to the NAND gate NAND32 through the control terminal 
thereof and is inverted by the NAND gate NAND32 to 
become an edge of a pulse signal sequentially circulat- 
ing on the ring oscillator 2 as rising outputs of the invert- 
ing circuits at odd-numbered stages and falling outputs 
of the inverting circuits at even-numbered stages, such 
an edge is referred to as a reset edge and is indicated 
by the X's in FIG. 3. This reset edge is circulated on the 
ring oscillator 2 along with the main edge generated by 
the NAND gate NAND1. 

[0036] The main edge is sequentially inverted by the 
inverters subsequent to the inverter INV18 and is input 
to the NAND gate NAND32 as a result of the inversion 
of the output of the inverter INV31 from the high level to 
the low level. At this time, since the input signal at the 
control terminal of the NAND gate NAND32, i.e., the out- 
put signal of the inverter INV18, is at the high level, the 
sequential inversion of the main edge is continued at the 
NAND gate NAND 32 and the subsequent inverters 
starting with NAND gate NAND1 to propagate the main 
edge on the ring oscillator 2. 

[0037] The reason why the output signal of the invert- 
er INV18 is still at the high level when the main edge 
has arrived the NAND gate NAND32 via the inverters 
IN V1 9 through INV31 as described above is the fact that 
the number of the inverters ranging from the INV19 to 
INV31 are 13 while the number of the inverters in the 
range from the NAND gate NAND32 to the inverter 
INV18 is 19 and, therefore, the main edge is input to the 
NAND gate NAND32 before the reset edge is propagat- 
ed from the NAND gate NAND32 to the inverter INV18. 
[0038] On the other hand, the reset edge generated 
by the NAND gate NAN D32 arrives at the inverter IN V1 8 
again via inverters including the NAND gate NAND1 to 
invert the signal level at the control terminal of the NAND 
gate NAND32 from the high level to the low level. At this 
time, since the signal input from the inverter INV31 to 



the NAND gate NAND32 has been already changed to 
the low level by the main edge, the output of the NAND 
gate NAND32 will not change, and the reset edge is se- 
quentially propagated to the NAND gate NAND32 via 
5 the normal route from the inverter INV18 and through 
the inverters INV19 through INV31. 
[0039] When the reset edge arrives at the inverter 
INV31, the signal input from the inverter INV31 to the 
NAND gate NAND32 is inverted from the low level to the 
10 high level. At substantially the same time, the main edge 
arrives at the inverter INV18 to invert the signal input to 
the control terminal of the NAND gate NAND32 also 
from the low level to the high level. This is because the 
main and reset edges travel through completely the 
same number of inverting circuits before they arrive at 
the NAND gate NAND32. Specifically, the main edge 
travels from the NAND gate NAND1 to make a round 
through the ring oscillator 2 via the normal route and 
arrives at the inverter INV18 after passing through the 
NAND gate NAND1 again while the reset edge is gen- 
erated as a result of the activation of the inverting oper- 
ation of the NAND gate NAND32 after the main edge 
arrives at the inverter INV18 from the NAND gate 
NAND1 and makes a round through the ring oscillator 2 
via the normal route. 

[0040] In the ring oscillator 2 the inversion response 
time of the inverters at even-numbered stages is preset 
so that the output of a fall is faster than the output of a 
rise and, conversely, the inversion response time of the 
inverters at odd-numbered stages is preset so that the 
output of a rise is faster than the output of a fall. As a 
result, the reset edge arrives at the NAND gate NAND32 
slightly earlier than the main edge. 
[0041] Therefore, when the reset edge inverts the out- 
put of the inverter INV31 from the low level to the high 
level, the signal input to the control terminal of the NAND 
gate NAND32 is, still at the low level. So, the output of 
the NAND gate NAND32 is not inverted and, when the 
main edge arrives at the inverter INV18 with a slight de- 
lay to invert the signal input to the control terminal of the 
NAND gate NAND32 from the low level to the high level, 
the output of the NAND gate NAND32 is inverted from 
the high level to the low level. Thus, the reset edge is 
temporarily disappears at this point and is regenerated 
by the main edge. 

[0042] Thereafter, the above-described operation is 
repeated and the reset edge is regenerated each time 
the main edge makes one round and travels round the 
ring oscillator 2 along with the main edge. When the con- 
trol signal becomes the low level, such a series of oper- 
ations is stopped and the above-described initial state 
is restored. 

[0043] As described above, in the ring oscillator 2, two 
pulse edges (main and reset edges) which are generat- 
ed at different timing are circulated in the same path of 
circulation. The output of the NAND gate NAND1 is in- 
verted by the reset edge before the main edge which 
has been generated by itself returns thereto while the 
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output of the NAND gate NAND32 is inverted by the 
main edge before the reset edge which has been gen- 
erated by itself returns thereto. Thus, a pulse signal is 
being constantly circulated. Each of the output terminal 
Q2 through Q15 generates a pulse signal whose cycle 
is equal to a period 32 times the time of the inversion 
operation at each of the inverting circuits Td (32*Td). 
[0044] A description will now be made on the pulse 
phase difference encoding circuit 4 which converts a 
phase difference between reference signals PB into a 
binary digital value DOUT using the above-described 
ring oscillator 2. 

[0045] As shown in FIG. 4, the pulse phase difference 
encoding circuit 4 in the present embodiment comprises 
a pulse selector/encoder circuit 12 which receives the 
output signals of the output terminals Q0 through Q15 
of the ring oscillator 2, detects the inverting circuit in the 
ring oscillator 2 at which the main edge has arrived when 
the reference signal PB changes from the low level to 
the high level (the timing at which a rise of the reference 
signal PB occurs) and encodes such a position into a 
binary digital value consisting of four bits (DO through 
D3), a first counter 14 which counts how many times the 
main edge has been circulated in the ring oscillator 2 
from the output P32 of the NAND gate NAND32 in the 
ring oscillator 2 output from the output terminal Q15, a 
first latch circuit 16 which latches the output consisting 
of 10 bits from the first counter 14 at the timing at which 
a rise of the reference signal PB occurs, a second coun- 
ter 18 which counts how many times the main edge has 
been circulated in the ring oscillator 2 from the output 
P16 of the inverter INV16 in the ring oscillator 2 output 
from the output terminal Q7, a second latch circuit 20 
which latches the output consisting of 10 bits from the 
second counter 18 at the timing at which a rise of the 
reference signal PB occurs, a multiplexer 22 to which 
the output consisting of 1 0 bits from each of the first latch 
circuit 16 and the second latch circuit 20 is input and 
which selects the output consisting of 1 0 bits from either 
the first latch circuit 16 or the second latch circuit 20 
based on the value of the most significant bit (MSB) of 
the 4-bit binary digital value (DO through D3) output by 
the pulse selector/encoder circuit 12 and outputs it as 
high order bit data (D4 through D1 3) for the 4-bit binary 
digital value (DO through D3) output by the pulse selec- 
tor/encoder circuit 12, an adder 24 which adds high or- 
der bit data D14 having a value of 1 (4000H) to a 14-bit 
binary digital value (DO through D13) consisting of the 
10-bit binary digital value (D4 through D13) from the 
multiplexer 22 and the 4-bit binary digital value (DO 
through D3) from the pulse selector/encoder circuit 12 
and outputs the result as a 1 5-bit binary digital value (DO 
through D14), a data latch circuit 26 which latches the 
above-described 14-bit binary digital value (DO through 
D1 3) at the timing at which a rise of the reference signal 
PB occurs, and a subtracter 28 which subtract the binary 
digital value (DO through D13) latched by the data latch 
circuit 26 at the timing of the previous rise of the refer- 



ence signal PB from the 1 5-bit binary digital value (DO 
through D14) output by the adder 24 to generate a bi- 
nary digital value DOUT representing the period be- 
tween a rise of the reference signal PB and the next rise 

5 thereof (the cycle of the reference signal PB). 

[0046] As shown in FIG. 5, the pulse selector/encoder 
circuit 12 comprises D flip-flops DFF0 through DFF15 
which have input terminals D to which the output termi- 
nals Q0 through Q15 of the ring oscillator 2 are respec- 

10 tively connected and which latch the levels of the signals 
at the output terminals Q0 through Q15, respectively, at 
a rise of the reference signal PB, AND gates AN DO 
through AND15 to which the output of D flip-flops DFF0 
through DFF15 is input as it is at the respective group 

15 of input terminals and to which the output of the subse- 
quent D flip-flops DFF1 through DFF15 and DFF0 is in- 
put after being inverted at another group of input termi- 
nals, and an encoder 12a which encodes the position of 
an AND gate ANDn whose output level is high from 

20 among the AND gates AND0 through AND15 into a 4-bit 
binary digital value (DO through D3). 
[0047] In the pulse phase difference encoding circuit 
4 in the present embodiment having such a configura- 
tion, as shown in FIG. 6, the counters 14 and 18 enabled 

25 for counting when the ring oscillator 2 is activated by the 
control signal PA to start circulating a pulse signal; the 
second counter 1 8 counts up when the main edge pass- 
es through the inverter INV16 at the 16th stage of the 
ring oscillator 2; and the first counter 14 counts up when 

30 the main edge passes through the NAND gate NAND32 
at the 32th stage of the ring oscillator 2. Specifically, as 
shown in FIG. 6, the timing at which output of the first 
counter 14 (C10 through C19) varies is shifted from the 
timing at which the output of the second counter 1 8 (C20 

35 through C29) varies by a period of time required for the 
main edge to go half round the ring oscillator 2. 
[0048] If a rise of the reference signal PB occurs while 
the ring oscillator 2 is operating in such a circulating 
mode, the first latch circuit 16 latches the output of the 

40 first counter 14 (C10 through C19) and the second latch 
circuit 20 latches the output of the second counter 18 
(C20 through C29). 

[0049] On the other hand, when a rise of the reference 
signal PB occurs as described above, a clock is supplied 
45 to the D flip-flops DFF0 through DFF1 5 in the pulse se- 
lector/encoder circuit 12. The D flip-flops DFF0 through 
DFF15 latch and output the signal levels at the output 
terminals Q0 through Q15 of the ring oscillator at that 
time. 

so [0050] For example, assume that the reference signal 
PB rises at timing t1 as shown in FIG. 6, i.e., if it rises 
when the main edge is at the NAND gate NAND32 at 
the 32th stage. Then, the output signal of the NAN D gate 
NAND32 has been changed to the high level but the out- 

55 put signal of the inverter INV2 at the second stage is still 
at the low level. So, only the output of the rightmost AND 
gate AND15 from among the AND gates AND0 through 
AND15 shown in FIG. 4 is output to the encoder 12a. 
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[0051] Specifically, the pulse signal output by an in- 
verter at an even-numbered stage in the ring oscillator 
2 is input to the D flip-flops DFFO through DFF15 of the 
encoder circuit 12. Since this signal rises at the main 
edge and falls at the reset edge, the output of a D flip- 
flop DFFn among the D flip-flops DFFO through DFF15 
which latches the output from an inverting circuit in the 
ring oscillator 2 at which the main edge has arrived be- 
comes the high level while the output of the next D flip- 
flop DFF(n+1) becomes the low level. In the configura- 
tion of the present embodiment, the output of each of 
two consecutive D flip-flops among the D flip-flops DFFO 
through DFF15 is input to the AND gates ANDO through 
AND15; only the output of an AND gate ANDn associ- 
ated with a D flip-flop DFFn the output of which is at the 
high level and which is followed by a D flip-flop DFF(n+1 ) 
whose output is at the low level becomes the high level; 
and the signal of such an AND gate is output to the en- 
coder 1 2a to allow the encoder 1 2a to generate a binary 
digital value (DO through D3) representing the position 
of the inverting circuit at which the main edge has arrived 
in the ring oscillator 2. For example, if the reference sig- 
nal PB rises when the main edge has arrived the NAND 
gate NAND32 at the 32th stage to render the output level 
of the AND gate AND15 high as described above, the 
encoder 12a outputs a binary digital value (1111) which 
is a binary number obtained by encoding a value 1 5 cor- 
responding the position of the AND gate. 
[0052] In the pulse phase difference encoding circuit 
4 in the present embodiment, the MSB of the binary dig- 
ital value (DO through D3) output by the pulse selector/ 
encoder circuit 1 2, i.e., D3, is input to the multiplexer 22. 
The multiplexer 22 outputs the 10-bit output of the first 
latch circuit 1 6 (C1 0 through C1 9) as a 1 0-bit binary dig- 
ital value (D4 through D13) if the value of D3 is 1 and 
outputs the 1 0-bit output of the second latch circuit 20 
as a 10-bit binary digital value (D4 through D13) if the 
value of D3 is 0. 

[0053] For example, when the reference signal PB ris- 
es at the timing t1 shown in FIG. 6, the main edge has 
arrived at the NAND gate NAND32 at the 32th stage of 
the ring oscillator 2. Then, the value of D3 output by the 
pulse selector/encoder circuit 12 is 1. In this case, the 
10-bit output of the first latch circuit 16 is selected, and 
the multiplexer 22 outputs (0000000001). When the ref- 
erence signal PB rises at the timing t2 shown in FIG. 6, 
the main edge has already passed through the inverter 
I NV2 at the second stage of the ring oscillator 2 and has 
not arrived at the inverter INV1 6 at the 1 6th stage. Then, 
the value of D3 output by the pulse selector/encoder cir- 
cuit 12 is 0. In this case, the 10-bit output of the second 
latch circuit 20 (C20 through C29) is selected, and the 
multiplexer 22 outputs (0000000010). 
[0054] As described above, in the pulse phase differ- 
ence encoding circuit 4 in the present embodiment, two 
counters 14 and 18 and two latch circuits 16 and 20 are 
provided, and the multiplexer 22 selects the output of 
the second latch circuit 20 if the value of the MSB of the 



binary digital value (DO through D3) output by the pulse 
selector/encoder circuit 12 is 0 and selects the output 
of the first latch circuit 16 if the value of the MSB of the 
binary digital value (DO through D3) is 1 . This is because 

5 it takes a certain period of time before the output of the 
counters 14 and 18 is stabilized. With such an arrange- 
ment, a stable and accurate count value is always output 
by the multiplexer 22 by selecting the counter to which 
the output signal of the inverting circuit preceding the 

10 position of the main edge at the time of a rise of the ref- 
erence signal PB by at least a half round of the ring os- 
cillator 2 is input as a clock. 

[0055] Next, the 1 0-bit binary digital value (D4 through 
D13) output by the multiplexer 22 as described above 
15 along with the 4-bit binary digital value (DO through D3) 
output by the pulse selector/encoder circuit 12 is input 
to the adder 24 and the data latch circuit 26 as a 14-bit 
binary digital value (DO through D13). The adder 24 
adds high order bit data D14 having a value of 1 (=4000 
(HEX)) to this 14-bit binary digital value (DO through 
D13) and outputs a 5-bit binary digital vale (DO through 
D 14) as a result of such addition to the subtracter 28. 
[0056] The data latch circuit 26 latches the 14-bit bi- 
nary digital value (DO through D13) input by the pulse 
selector/encoder circuit 12 and the multiplexer 22 each 
time the reference signal PB rises and outputs the 
latched binary digital value (DO through D1 3) to the sub- 
tracter 28. 

[0057] Since the data latched by the data latch circuit 
26 at this time are a binary digital value (DO through D1 3) 
which has been already output by the multiplexer 22 and 
the pulse selector/encoder circuit 1 2 at the time of a rise 
of the reference signal PB, the data are the binary digital 
value (DO through D13) which has been generated by 
the multiplexer 22 and the pulse selector/encoder circuit 
12 at the time of the previous rise of the reference signal 
PB (i.e., in the preceding cycle). Normally, the binary 
digital value (DO through D13) of the reference signal 
PB latched by this data latch circuit 26 in the preceding 
cycle and the 15-bit binary digital value (DO through 
D14) which has been generated in the current cycle by 
a rise of the reference signal PB and which has been 
added with the most significant bit D14 by the adder 24 
are input to the subtracter 28. 

[0058] The subtracter 28 subtracts the binary digital 
value (DO through D1 3) in the preceding cycle of the ref- 
erence signal PB input by the data latch circuit 26 from 
the latest binary digital value (DO through D14) input by 
the adder 24, calculates the difference, and outputs the 
result of the calculation as a 14-bit binary digital value 
DOUT representing the cycle of the reference signal PB. 
[0059] Specifically, in the pulse phase difference en- 
coding circuit 4 in the present embodiment, the number 
of the circulations of the main edge in the ring oscillator 
2 after the ring oscillator 2 is activated by the control 
signal PA; a binary digital value representing the time of 
a rise of the reference signal PB each time the reference 
signal PB rises from the result of the counting and binary 
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digital value representing the position of the main edge 
In the ring oscillator 2 output by the pulse selector/en- 
coder circuit 12; and the difference between the latest 
binary digital value thus generated and the binary digital 
value which has been previously generated is output to 
the arithmetic circuit 6 as a binary digital value DOUT 
representing the cycle of the control signal PA. 
[0060] This allows a pulse signal circulating operation 
of a ring oscillator to be continuously performed without 
the need for resetting the ring oscillator each time a 
phase difference between input signals is encoded as 
in conventional pulse phase difference encoding cir- 
cuits. 

[0061] When the subtracter 28 calculates the differ- 
ence between the latest binary digital value generated 
at the timing of a rise of the reference signal PB and the 
previously generated binary digital value, the adder 24 
adds the most significant bit D14 having a value of 1 to 
the latest binary digital value to obtain a 15-bit binary 
digital value. The reason is that the number of the cir- 
culations of a pulse signal in the ring oscillator 2 will oth- 
erwise return to the minimum value (=0) when the output 
value thereof reaches the maximum value (=3FFF 
(HEX)) because the number is continuously counted by 
the counters 14 and 18. 

[0062] Specifically, if the output of the counters 14 and 
18 changes from the maximum value to the minimum 
value during the period between a rise of the reference 
signal PB and the next rise of the same, the previous 
binary digital value (DO through D13) latched by the data 
latch circuit 23 exceeds the latest binary digital value 
(DO through D1 3) obtained by the multiplexer 22 and the 
pulse selector/encoder circuit 12. If the former is sub- 
tracted from the latter as it is, the subtraction will result 
in a negative value. According to the present embodi- 
ment, a binary digital value DOUT corresponding to the 
cycle of the reference signal PB is always obtained by 
adding the most significant bit data D14 having a value 
of 1 to the latest binary digital value (DO through D13) 
to generate a 15-bit binary digital value (DO through 
D14), by subtracting the binary digital value (DO through 
D1 3) latched by the data latch circuit 26 from this value, 
and by outputting only the 14 low order bits of the result 
of the subtraction. 

[0063] Next, the binary digital value DOUT represent- 
ing the reference signal PB obtained by the pulse phase 
difference encoding circuit 4 as described above is mul- 
tiplied or divided by a predetermined value at the arith- 
metic circuit 6 and the result is output as control data 
CD (14 bits) for the digitally controlled oscillation circuit 
8. 

[0064] Upon the receipt of the control data CD, the 
digitally controlled oscillation circuit 8 outputs a pulse 
signal (oscillation signal) POUT in a cycle correspond- 
ing to the control data CD. Specifically, the digitally con- 
trolled oscillation circuit 8 outputs the pulse signal POUT 
in a cycle which is obtained by the multiplying the cycle 
of the reference signal PB by the predetermined value, 



i.e. a cycle obtained by dividing the frequency of the ref- 
erence signal PB by the predetermined value if the con- 
trol data CD is a value obtained by multiplying the binary 
digital value DOUT by the predetermined value and out- 

5 puts the pulse signal POUT in a cycle obtained by divid- 
ing the cycle of the reference signal PB by the predeter- 
mined value, i.e., a cycle obtained by multiplying the fre- 
quency of the reference signal PB by the predetermined 
value if the control data CD is a value obtained by divid- 

10 ing the binary digital value DOUT by the predetermined 
value. 

[0065] The configuration and operation of this digitally 
controlled oscillation circuit 8 will now be described. 
[0066] As shown in FIG. 7, the digitally controlled os- 

15 dilation circuit 8 in the present embodiment comprises 
a pulse selector 32 which receives signals from the out- 
put terminal Q0 through Q15 of the ring oscillator 2, se- 
lects the output signal of a predetermined output termi- 
nal corresponding to select data CDLN to be described 

20 later, and outputs the signal as a select signal PSO, a 
down counter 34 in which ten high order bits of the 14-bit 
control data CD input from the arithmetic circuit 6 are 
preset as counter data CDH and which counts at the 
timing of a rise of the output signal of the output terminal 

25 Q7 of the ring oscillator 2, renders the level of an output 
signal CN1 high if the count value DCD is 1, and renders 
the level of an output signal CN2 high if the count value 
DCD is 0, a latch circuit 36 which is reset by a reset 
signal CST input from the outside when the oscillation 

30 circuit 8 is activated and which latches four low order 
bits of the 14-bit control data CD input by the arithmetic 
circuit 6 at the timing of a rise of the pulse signal POUT 
as reference select data CDL, a latch circuit 38 which is 
also reset by the reset signal CST input from the outside 

35 and which latches the select data CDLN which has been 
input to the pulse selector 32 at that time at the timing 
of a rise of the pulse signal POUT, and outputs the 
latched data as old select data CDLB, an adder 40 which 
adds the old select data CDLB output by the latch circuit 

40 38 and the reference select data CDL output by the latch 
circuit 36 to generate 5-bit sum data CDLA, outputs the 
low order 4 bits thereof to the pulse selector 32 and the 
latch circuit 38 as the above-described select data 
CDLN, and outputs the value of the fourth low order bit 

45 of the sum data CDLA (i.e., the most significant bit of 
the select data CDLN) as a signal MSB, a selector 42 
which selects the output signal CN1 of the down counter 
34 when a carry signal CY is at the low level, selects the 
output signal CN2 of the down counter 34 when, con- 

50 versely, the carry signal CY is at the high level, and out- 
puts the selected signal as an output signal SL1 , the car- 
ry signal being the most significant bit of the 5-bit sum 
data CDLA output by the adder 40, an OR gate ORa 
which ORs the above-described reset signal CST and 

55 the output signal SL1 of the selector 42 and outputs a 
signal representing the logical OR as a set signal for the 
down counter 34, a delay line 44 which delays the output 
signal SL1 of the selector 34 by a time T1 required for 
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a pulse signal to make a half round through the ring os- 
cillator 2 and outputs a delayed signal DL1 , a selector 
46 which selects the output signal SL1 of the selector 
42 when the signal MSB output by the adder 40 is at the 
low level, selects the output the delayed signal DL1 from 
the delay line 44 when, conversely, the signal MSB is at 
the high level, and output the selected signal as an out- 
put signal SL2, a D flip-flop DFFa having a clear terminal 
which latches the output signal SL2 of the selector 46 
at the timing of the rise of the select signal PSO output 
by the pulse selector 32 and outputs a latch signal 
QOUT, a delay line 48 which delays the latch signal 
QOUT from the D flip-flop DFFa by a predetermined 
time T2 and outputs a delayed signal DL2, and an AND 
gate ANDa which ANDs the delayed signal DL2 output 
by the delay line 48 and the latch signal QOUT from the 
D flip-flop DFFa and outputs a signal representing the 
logical AND as a clear signal for the D flip-flop DFFa, 
and an amplifier 50 which amplifies the latch signal 
QOUT from the D flip-flop DFFa and output it as the 
pulse signal POUT. 

[0067] The output signals from the output terminals 
Q0 through Q1 5 provided at the ring oscillator 2 are input 
to the pulse selector 32 and, from among those signals, 
the pulse selector 32 selects and outputs the signal 
which is assigned a number corresponding to the select 
data CDLN which is the four low order bits of the sum 
data CDLA (5 bits) generated by the adder 40. For ex- 
ample, the pulse selector 32 outputs the output signal 
of the output terminal Q1 as the select signal PSO if the 
select data CDLN is "0001" representing a value of 1 
and outputs the output signal of the output terminal Q1 5 
as the select signal PSO if the select data CDLN is 
"1111" representing a value of 15. 
[0068] The down counter 34 is a known counter hav- 
ing a set terminal SET to which the set signal from the 
OR gate ORa is input. If the signal from the output ter- 
minal Q7 of the ring oscillator 2 (hereinafter referred to 
as a clock signal CLK) rises when this set signal is at 
the high level, ten high order bits of the control data CD 
are preset as the count data CDH. On the other hand, 
when the set signal is at the low level, the count value 
DCD is decremented by one each time the clock signal 
CLK from the ring oscillator 2 rises to render the level of 
the output signal CN1 high when the count value DCD 
is 1 and to render the level of the output signal CN2 high 
when the count value DCD is 0. 

[0069] The operation of the digitally controlled oscil- 
lation circuit 8 having the above-described configuration 
will now be described. 

[0070] First, ten high order bits of the control data CD 
are preset in the down counter 34 as the count data CDH 
at the timing of a rise of the clock by keeping the reset 
signal CST at the high level for a predetermined period 
of time, and this oscillation circuit 8 is initialized by re- 
setting the latch circuits 36 and 38 to clear the internal 
data. 

[0071] In this initialized state, since the latch circuits 



36 and 38 are reset, all of the 4-bit data output by the 
latch circuits 36 and 38 become zero and all of the 5-bit 
sum data CDLA output by the adder 40 also become 
zero. Therefore, in this initialized state, "OOOO" repre- 
5 senting a value of 0 is input to the pulse selector 32 as 
the select data CDLN, and the pulse selector 32 outputs 
the output signal of the output terminal of the ring oscil- 
lator 2 as the select signal PSO. Further, in this initial- 
ized state, ten high order bits of the control data CD are 
10 preset as the count data CDH at the timing of a rise of 
the clock signal CLK from the ring oscillator 2. 
[0072] Thereafter, when the reset signal CST be- 
comes the low level, the down counter 34 starts a count- 
ing operation to sequentially counts down the preset 
count data CDH each time the clock signal CLK from 
the ring oscillator 2 rises. However, since all the 5-bit 
sum data CDLA output by the adder 40 are zero at this 
time, a low level signal is input to each of the selectors 
42 and 46. Then, the selector 42 selects the output sig- 
nal CN1 of the down counter 34 and outputs the output 
signal SL1 while the selector 46 selects the output signal 
SL1 of the selector 42 and outputs the output signal SL2. 
[0073] As a result, immediately after the reset signal 
CST is switched from the high level to the low level (i. 
e., immediately after the activation), the input terminals 
D of the D flip-flops DFFa become the high level when 
the count value DCD in the down counter 34 is 1 as seen 
in the period (A) shown in FIG. 8. When the output of 
the output terminal Q0 of the ring oscillator 2 becomes 
the high level in such a state to cause the select signal 
PSO to be output from the pulse selector 32, the first 
pulse signal POUT is output from the oscillation circuit 8. 
[0074] After outputting a latch signal QOUT (high lev- 
el), the D flip-flop DFFa is cleared through the AND gate 
ANDa when a delayed signal DL2 from the delay line 48 
delaying the latch signal QOUT by the predetermined 
time T2 has become the high level. Therefore, the latch 
signal QOUT and hence the pulse width of the pulse sig- 
nal POUT match the delay time T2 of the delay line 48, 
and the oscillation circuit 8 outputs a pulse signal POUT 
having a predetermined pulse width. 
[0075] When the first pulse signal POUT is output af- 
ter the activation of the oscillation circuit 8 as described 
above, the latch circuit 36 latches the four low order bits 
of the control data CD as reference select data CDL and 
the latch circuit 38 latches the select data CDLN which 
is currently being input to the pulse selector 32 as old 
select data CDLB at the timing of the rise of this pulse 
signal POUT. As a result, the sum data CDLA output by 
the adder 40 is updated to a value obtained by adding 
four low order bits of the control data CD (reference se- 
lect data CDL) and four low order bits of the current sum 
data CDLA (old select data CDLB whose value is 0 in 
this case). At this time, since the carry signal CY of the 
sum data CDLA output by the adder 40 is 0, the selector 
32 continues to select the output signal CN 1 of the down 
counter 34. 

[0076] On the other hand, since the output signal SL1 
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of the selector 42 is input to the set terminal SET of the 
down counter 34, when the clock signal CLK from the 
ring oscillator 2 rises after the output signal SL1 of the 
selector 42 becomes the high level, ten high order bits 
of the control data CD are set gain as the count data 
CDH and the counting operation is resumed at the tim- 
ing of the next rise of the clock signal CLK. 
[0077] The down counter 34 resumes the counting 
operation as described above. When the count value 
DCD becomes 1 and the output signal CN1 becomes 
the high level, the output signal SL1 of the selector 42 
and the output signal SL2 of the selector 46 sequentially 
become the high level as seen In the period (B) shown 
in FIG. 8. 

[0078] At this time, the pulse selector 32 selects the 
output signal of the ring oscillator 2 in accordance with 
four low order bits of the sum data CDLA output by the 
adder 40 (i.e., the select data CDLN). For example, it 
selects the output signal of the output terminal Q1 of the 
ring oscillator 2 as seen in the period (B) shown in FIG. 
8 if four low order bits of the control data CD latched by 
the latch circuit 36 as the reference select data CDL is 
"0001" which indicates a value of 1 and the sum data 
CDLA output by the adder 40 has become "0001". 
[0079] In this case, therefore, when the output signal 
of the output terminal Q1 rises after the output signal 
SL2 of the selector 46 becomes the high level, the output 
signal QOUT of the D flip-flop DFFa becomes the high 
level and a second pulse signal POUT is output by the 
oscillation circuit 8. 

[0080] When the second pulse signal POUT is output 
by the oscillation circuit 8 as described above, the latch 
circuit 38 latches again the select data CDLN which is 
currently being input to the pulse selector 32 as old se- 
lect data CDLB while the latch circuit 36 latches again 
four low order bits of the control data CD as reference 
select data CDL. Therefore, if the four low order bits of 
the control data CD are still "0001", the sum data CDLA 
output by the adder 40 is updated to "00010". Thereaf- 
ter, each time a pulse signal POUT is output, the sum 
data CDLA is added with four low order bits of the control 
data CD (reference select data CDL) latched by the latch 
circuit 36 to be updated. 

[0081] For example, when sum data CDLA "01111" is 
output by the adder 40 as a result of the repetition of the 
above-described operation and the MSB which the 
fourth low order bit thereof becomes the high level, the 
pulse selector 32 selects the output signal of the output 
terminal Q15 of the ring oscillator 2 and the selector 46 
selects a delayed signal DL1 from the delay line 44 
which delays the output signal SL1 of the selector 42 by 
the time T1 required for a pulse signal to make a half 
round through the ring oscillator 2. 
[0082] In this case, therefore, when the count value 
DCD in the down counter 34 becomes 1 and the output 
signal CN1 thereof becomes the high level, the output 
signal SL1 of the selector 42 becomes the high level 
and, after the time T1 elapses, the output signal SL2 of 



the selector 46 becomes the high level. When, the output 
signal of the output terminal Q15 of the ring oscillator 2 
rises thereafter, the output signal QOUT of the D flip- 
flop DFFa becomes the high level, and the next pulse 
5 signal POUT is output from the oscillation circuit 8. 
[0083] The reason is that when the pulse selector 32 
selects the output signal of any one of the output termi- 
nals Q8 through Q15, the D flip-flop DFFa latches the 
data immediately after the input data becomes the high 
10 level, which results in a possibility that the output signal 
QOUT from the D flip-flop DFFa becomes uncertain. 
[0084] In summary, in the present embodiment, the 
output signal SL1 of the selector 42 is input to the D flip- 
flop DFFa as it is when the pulse selector 32 selects the 
output signal of any one of the output terminals Q0 
through Q7 while the output signal SL1 of the selector 
42 is delayed by the time T1 required for a pulse signal 
to make a half round through the ring oscillator 2 before 
it is input to the D flip-flop DFFa when the pulse selector 
32 selects the output signal of any one of the output ter- 
minals Q8 through Q15. This makes it possible to al- 
ways keep the time required for the D flip-flop DFFa to 
latch data input thereto after the data becomes the high 
level equal to or longer than the time required for a pulse 
signal to make a half round through the ring oscillator 2. 
[0085] Next, the selector 42 selects the output signal 
CN2 which becomes the high level when the count value 
DCD in the down counter 34 is 0 when the carry signal 
CY of the sum data CDLA output by the adder 40 be- 
comes the high level. In this case, therefore, a pulse sig- 
nal POUT is output at the rise of a select signal PSO 
output by the pulse selector 32 after the number of the 
circulations of a pulse signal in the ring oscillator 2 
reaches the number obtained by adding 1 to ten high 
order bits of the control data CD. 
[0086] The reason is that the oscillation cycle will be 
shortened by the time required for a pulse signal to make 
one round through the ring oscillator 2 if the output ter- 
minal of the ring oscillator 2 at which the current pulse 
signal is obtained is at a stage preceding the output ter- 
minal at which the previous pulse signal was obtained, 
i.e. , when the value of the select data CDLN input to the 
pulse selector 32 is smaller than the previous value be- 
cause the down counter 34 counts down in a constant 
cycle (32-Td) in accordance with the clock signal CLK 
output by the output terminal Q7 of the ring oscillator 2. 
[0087] As described above, in the digitally controlled 
oscillation circuit 8 according to the present embodi- 
ment, the number of the circulations of a pulse signal in 
the ring oscillator 2 is counted using the count data CDH 
which is ten high order bits of the control data CD output 
by the arithmetic circuit 6; an output signal from the ring 
oscillator 2 is selected using four low order bits of the 
5-bit sum data CDLA (select data CDLN) which is ob- 
tained by sequentially adding the reference select data 
CDL which is four low order bits of the control data CD; 
and a pulse signal POUT is always repeatedly output in 
a constant cycle (= CDH x 32-Td + CDL x 2-Td) which 
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is determined by the control data C and the inversion 
time Td of the inverting circuits in the ring oscillator 2 by 
adding or subtracting the carry signal CY of the sum data 
CDLA to or from the count value of the number of circu- 
lations of the pulse signal. This allows a pulse signal 
circulating operation of a ring oscillator to be continu- 
ously performed without the need for resetting the ring 
oscillator each time a pulse signal POUT is output as in 
conventional digitally controlled oscillation circuits. 
[0088] As described above in detail, the frequency 
converter according to the present embodiment has a 
pulse phase difference encoding circuit 4 capable of re- 
peatedly encoding the cycle of a reference signal PB 
input from the outside into a binary digital value DOUT 
based on output signals sequentially output by output 
terminals Q0 through Q15 of the ring oscillator 2 and a 
digitally controlled oscillation circuit 8 capable of repeat- 
edly outputting a pulse signal POUT having a predeter- 
mined pulse width in a cycle in accordance with control 
data CD input from the outside based on output signals 
sequentially output by the output terminals Q0 through 
Q15 of the ring oscillator 2, the ring oscillator 2 being 
shared between the pulse phase difference encoding 
circuit 4 and the digitally controlled oscillation circuit 8. 
[0089] As a result, the time resolution of the binary 
digital value DOUT obtained by the pulse phase differ- 
ence encoding circuit 4 and the pulse signal POUT out- 
put by the digitally controlled oscillation circuit 8 be- 
comes a constant time delay (2*Td) determined by the 
inversion time Td of inverting circuits between the output 
terminals Q0 through Q15 of the ring oscillator 2. For 
example, if the binary digital value DOUT obtained by 
the pulse phase difference encoding circuit 4 is input as 
it is to the digitally controlled oscillation circuit 8 as the 
control data CD, the pulse signal POUT can be output 
from the digitally controlled oscillation circuit 8 in com- 
pletely the same cycle as that of the reference signal PB 
which is encoded by the pulse phase difference encod- 
ing circuit 4 into the binary digital value DOUT. 
[0090] Therefore, by operating the arithmetic circuit 6 
as a multiplier circuit for multiplying the binary digital val- 
ue DOUT obtained by the pulse phase difference en- 
coding circuit 4 by a predetermined value, this device 
can be used as an extremely accurate frequency divider. 
Conversely, if it is operated as a dividing circuit for di- 
viding the binary digital value DOUT obtained by the 
pulse phase difference encoding circuit 4 by a predeter- 
mined value, this device can be used as an extremely 
accurate frequency multiplier. 

[0091] The configuration of the device can be simpli- 
fied to achieve a compact size because the single os- 
cillator 2 is shared between the circuits 4 and 8 without 
the need for providing the pulse phase difference en- 
coding circuit 4 and the digitally controlled oscillation cir- 
cuit 8 with delay circuits to be exclusively used by them 
as in the prior art. 

[0092] Although the present embodiment has been 
described with reference to a frequency converter which 



generates a pulse signal POUT obtained by dividing or 
multiplying a reference signal PB using the pulse phase 
difference encoding circuit 4 and the digitally controlled 
oscillation circuit 8, the present invention can be applied 
5 to any device which concurrently uses a plurality of 
pulse phase difference encoding circuits and digitally 
controlled oscillation circuits such as PLLs utilizing the 
pulse phase difference encoding circuit and digitally 
controlled oscillation circuit as disclosed in Japanese 
unexamined patent publication No. H5-1 02801, fre- 
quency measuring devices for measuring a signal to be 
measured PX using two pulse phase difference encod- 
ing circuits as shown in FIG. 9, oscillators for generating 
a pulse signal P0 having a predetermined duty ratio in 
a predetermined cycle in accordance with input data us- 
ing two digitally controlled oscillation circuits as shown 
in FIG. 10(a). 

[0093] In the frequency measuring device shown in 
FIG. 9, a reference signal PB having a known frequency 
is input to a pulse phase difference encoding circuit 54 
to encode the cycle thereof, a signal to be measured PX 
whose frequency is unknown is input to a pulse phase 
difference encoding circuit 56 to encode the cycle there- 
of, and binary digital values D1 and D2 obtained by the 
pulse phase difference encoding circuits 54 and 56 are 
input to a divider circuit 58 to obtain the ratio of the cycle 
(D2) of the signal to be measured PX to the cycle (D1) 
of the reference signal PB (D0=D2/D1 ) to thereby meas- 
ure the cycle, i.e., frequency, of the signal to be meas- 
ured PX. The pulse phase difference encoding circuits 
54 and 56 have the same configuration as that of the 
pulse phase difference encoding circuit 4 in the above- 
described embodiment and share a ring oscillator 52 
having the same configuration as that of the ring oscil- 
lator 2 in the above-described embodiment. Therefore, 
the pulse phase difference encoding circuits 54 and 56 
have completely the same time resolution and are ca- 
pable of measuring the cycle (frequency) of the signal 
to be measured PX with high accuracy. 
[0094] Further, the oscillation device shown in FIG. 10 
(a) comprises a ring oscillator 62 having the same con- 
figuration as that of the ring oscillator 2 in the above- 
described embodiment, two digitally controlled oscilla- 
tion circuits 64 and 66 which have the same configura- 
tion as that of the digitally controlled oscillation circuit 8 
in the above-described embodiment and which share 
the ring oscillator 62 in operation, and an RS flip-flop 68 
having a set terminal S to which a pulse signal P1 from 
the digitally controlled oscillation circuit 64 is input and 
a reset terminal R to which a pulse signal P2 from the 
other digitally controlled oscillation circuit 66. 
[0095] This oscillation device is used in accordance a 
procedure wherein arbitrary digital data for activation is 
input to the digitally controlled oscillation circuits 64 and 
66 as control data Da and Db, respectively, with a reset 
signal CST input concurrently to activate the digitally 
controlled oscillation circuits 64 and 66 concurrently; 
thereafter, the control data Da representing the cycle 
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(frequency) of the pulse signal P0 to be output by the 
RS flip-flop 68 is input to the digitally controlled oscilla- 
tion circuit 64; the control data Db obtained by multiply- 
ing the control data Da by K (K is any value between 1 
and 2) is input to the digitally controlled oscillation circuit 
66 during the period until the first pulse signal P1 is out- 
put; and, after the first pulse signal P1 is output, the con- 
trol data Db which is identical to the control data Da is 
input to the circuit 66. 

[0096] When the device is used in such a way, as 
shown in FIG. 10(b), the digitally controlled oscillation 
circuit 64 sequentially outputs the pulse signal P1 in a 
constant cycle in accordance with the control data Da 
after being activated; the other digitally controlled oscil- 
lator 66 sequentially outputs the pulse signal P2 which 
has the same cycle as that of the pulse signal P1 and 
whose phase is shifted from the cycle by (K-1); and the 
RS flip-flop 68 outputs the pulse signal P0 having a duty 
ratio corresponding to the deviation between the phases 
of the pulse signal P1 and the pulse signal P2 (the duty 
ratio is 50 % if K is 1 .5). Therefore, the oscillation device 
shown in FIG. 10(a) can output a pulse signal P0 having 
a predetermined duty ratio in a predetermined cycle de- 
pending on the values of the first control data Da and 
Db which are input after activation. 
[0097] In this oscillation device, since the digitally 
controlled oscillation circuits 64 and 66 gain share the 
ring oscillator 62, they have completely the same time 
resolution, making it possible to accurately control the 
cycle and duty ratio of the pulse signal P0 output by the 
RS flip-flop 68. 



Claims 

1 . A pulse phase difference encoding apparatus com- 
prising: 

a delay circuit (52) which is constituted by a plu- 
rality of interconnected delay elements, to 
which a control signal (PA) is input and which 
sequentially outputs, from a plurality of con- 
necting points of said delay elements, a plural- 
ity of delayed signals obtained by delaying said 
control signal (PA) by a delay period deter- 
mined by the numbers of said delay elements; 
and 

several pulse phase difference encoding cir- 
cuits (54, 56) to each of which a pulse signal 
(PB, PX) is input, and each of which detects a 
delayed signal corresponding to an input timing 
of said pulse signal (PB, PX) among said plu- 
rality of delayed signals output by said delay cir- 
cuit (52), outputs position data representing a 
position of said delay element of said delay cir- 
cuit (52) which issues said delayed signal, and 
generates digital data (D1, D2) corresponding 



to a phase difference between said control sig- 
nal (PA) and said pulse signal (PB, PX) by using 
said position data, 

5 wherein said several pulse phase difference encod- 
ing circuits (54, 56) share said delay circuit (52) in 
generating said digital data (D1, D2). 

2. A pulse phase difference encoding apparatus ac- 
10 cording to claim 1, wherein each of said several 

pulse phase difference encoding circuits (54, 56) 
generates said digital data (D1, D2) corresponding 
to a phase difference between said control signal 
(PA) and said pulse signal (PB, PX) every tine said 

15 pulse signal (PB, PX) is input, and further comprises 
a calculating circuit (28) which calculates said dig- 
ital data (D1, D2) corresponding to a deviation be- 
tween latest digital data and preceding digital data, 
thereby obtaining said digital data (D1, D2) indicat- 

20 ing a phase difference between two successive 
pulses in said pulse signal (PB, PX). 

3. A pulse phase difference encoding apparatus ac- 
cording to claim 2, further comprising an output cir- 

25 cuit (58) for outputting further digital data (DO) indi- 
cating a frequency of one of said pulse signals (PB, 
PX) from said digital data (D1, D2) calculated in 
each of said several pulse phase difference encod- 
ing circuits (54, 56). 

30 

Patentanspruche 

1. Pulsphasendifferenz-Kodiervorrichtung, die auf- 
35 weist: 

eine Verzogerungsschaltung (52), welche aus 
einer Vielzahl von miteinander verbundenen 
Verzdgerungselementen aufgebaut ist, in wel- 

40 che ein Steuersignal (PA) eingegeben wird und 

welche aus einer Vielzahl von Verbindungs- 
punkten der Verzogerungselemente eine Viel- 
zahl von verzogerten Signalen sequentiell aus- 
gibt, die durch Verzogern des Eingangssignals 

45 (PA) urn eine durch die Anzahl der Verzoge- 

rungselemente bestimmte Verzogerungsperi- 
ode erhalten wird; und 

mehrere Pulsphasendifferenz-Kodierschaltun- 
gen (54, 56), 

50 

wobei in jede von diesen ein Pulssignal (PB, PX) 
eingegeben wird und wobei jede von diesen ein ver- 
zogertes Signal, das einem Eingabezeitpunkt des 
Pulssignals (PB, PX) entspricht, aus der Mehrzahl 
55 der verzogerten Signale erfalit, die von der Verzo- 
gerungsschaltung (52) ausgegeben werden, Posi- 
tionsdaten ausgibt, die eine Position des Verzoge- 
rungselements der Verzogerungsschaltung (52) 
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darstellen, welches das verzogerte Signal ausgibt, 
und digitale Daten (D1, D2), die einer Phasendiffe- 
renz zwischen dem Steuersignal (PA) und dem 
Pulssignal (PB, PX) entsprechen, unter Verwen- 
dung der Positionsdaten erzeugt, 

wobei sich die mehreren Pulsphasendiffe- 
renz-Kodierschaltungen (54, 56) die Verzogerungs- 
schaltung (52) beim Erzeugen der digitalen Daten 
(D1,D2)teilen. 

2. Pulsphasendifferenz-Kodiervorrichtung nach An- 
spruch 1 , wobei jede der mehreren Pulsphasendif- 
ferenz-Kodierschaltungen (54, 56) die digitalen Da- 
ten (D1, D2), die einer Phasendifferenz zwischen 
dem Steuersignal (PA) und dem Pulssignal (PB, 
PX) entsprechen, zu jedem Zeitpunkt erzeugt, zu 
dem das Pulssignal (PB, PX) eingegeben wird, und 
weiterhin eine Berechnungsschaltung (28) auf- 
weist, welche die digitialen Daten (D1, D2) berech- 
net, die einer Abweichung zwischen letzten digita- 
len Daten und vorhergehenden digitalen Daten ent- 
sprechen, urn dadurch die digitalen Daten (D1 , D2) 
zu erhalten, die eine Phasendifferenz zwischen 
zwei aufeinanderfolgenden Pulsen des Puissignals 
(PB, PX) anzeigen. 

3. Pulsphasendifferenz-Kodiervorrichtung nach An- 
spruch 2, die weiterhin eine Ausgabeschaltung (58) 
zum Ausgeben weiterer digitaler Daten (DO) auf- 
weist, die eine Frequenzvon einem derPulssignale 
(PB, PX) aus den digitalen Daten anzeigen, die in 
jeder der mehreren Pulsphasendifferenz-Kodier- 
schaltungen (54, 56) erzeugt werden. 



Revendications 

1 . Dispositif de codage a difference de phase d'impul- 
sion comprenant : 

un circuit a retard (52) qui est constitue d'une 
pluralite d'elements a retard interconnects, 
auquel un signal de commande (PA) est appli- 
que en entree et qui fournit sequentiellement 
en sortie, a partir d'une pluralite de points de 
connexion desdits elements a retard, une plu- 
ralite de signaux retardes obtenus en retardant 
ledit signal de commande (PA) d'une periode 
de retard determinee par les nombres desdits 
elements a retard, et 

plusieurs circuits de codage a difference de 
phase d'impulsion (54, 56) a chacun desquels 
un signal d'impulsion (PB, PX) est applique en 
entree, et dont chacun detecte un signal retar- 
de correspondant a un instant d'entree dudit si- 
gnal d'impulsion (PB, PX) parmi ladite pluralite 
de signaux retardes fournis en sortie par ledit 
circuit a retard (52), fournit en sortie des don- 



nees de position representant une position du- 
dit element a retard dudit circuit a retard (52) 
qui delivre ledit signal retarde, et genere des 
donnees numeriques (D1, D2) correspondant 
5 a une difference de phase entre ledit signal de 

commande (PA) et ledit signal d'impulsion (PB, 
PX) en utilisant lesdites donnees de position, 

dans lequel lesdits plusieurs circuits de coda- 
10 ge a difference de phase d'impulsion (54, 56) par- 
tagent ledit circuit a retard (52) en generant lesdites 
donnees numeriques (D1, D2). 

2. Dispositif de codage a difference de phase d'impul- 
15 sion selon la revendication 1, dans lequel chacun 

desdits plusieurs circuits de codage a difference de 
phase d'impulsion (54, 56) genere lesdites donnees 
numeriques (D1 , D2) correspondant a une differen- 
ce de phase entre ledit signal de commande (PA) 

20 et ledit signal d'impulsion (PB, PX) a chaque fois 
que ledit signal d'impulsion (PB, PX) est applique 
en entree, et comprend en outre un circuit de calcul 
(28) qui calcule lesdites donnees numeriques (D1, 
D2) correspondant a un ecart entre les donnees nu- 

25 meriques les plus recentes et les donnees numeri- 
ques precedentes, en obtenant ainsi lesdites don- 
nees numeriques (D1 , D2) indiquant une difference 
de phase entre deux impulsions successives dudit 
signal d'impulsion (PB, PX). 

30 

3. Dispositif de codage a difference de phase d'impul- 
sion selon la revendication 2, comprenant en outre 
un circuit de sortie (58) destine a fournir en sortie 
d'autres donnees numeriques (DO) indiquant une 
frequence de I'un desdits signaux d'impulsions (PB, 
PX) a partir desdites donnees numeriques (D1 , D2) 
cafculees dans chacun desdits plusieurs circuits de 
codage a difference de phase d'impulsion (54, 56). 
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FIG. 10(a) 
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